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Thoughts about the future reflect personal goals, and projections into the future enrich
our emotional life. Researchers have taken an interest in determining whether the
tendency to remember more positive than negative emotional events observed when
recalling past events also appears when remembering imagined future events. The
objective of this study was to examine the age-based positivity effect of recall for future
positive and negative autobiographical events in young and older adults. Representative
future events were first established to develop the cues used to prompt personal future
events. In the production task, the participants were presented with eight positive and
eight negative random future events of young or older adults as a model and the
corresponding cues to generate their own positive and negative future autobiographical
events. In the recall task, the participants recovered as many experiences as they
could of the model and the positive and negative events produced by themselves.
The participants correctly recalled more positive than negative events and committed
more errors for negative than positive events, showing a clear tendency in both young
and older adults to recall future imagined events as positive. Regarding age, the young
adults recalled more events than the older participants whilst the older participants in
particular showed better recall of their own imagined future events than the model’s
events, and committed more errors when recalling the model’s events than their own
imagined events. Regarding the positivity effect in incorrect recall, more than half of the
errors were valence changes, most of these being from negative to positive events, and
these valence changes were more pronounced in the older than in the younger adults.
In general, there were fewer differences between young and older adults in the recall of
positive events in comparison with negative events. Our findings suggest that people are
well disposed toward recalling positive imagined future events and preserve a positive
emotional state, suppressing negative memories.
Keywords: autobiographical memory, future events, positive and negative experiences, positivity effect, young
and older adults
INTRODUCTION
Episodic memory not only includes past experiences, but is also the vehicle that allows us
to travel mentally through time from the past and into the future (Tulving, 1985). Thinking
about past experiences and imagining the future are common occurrences in our daily thoughts,
conversations, and social relations. In recent years both cognitive psychology and the neurosciences
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have taken an interest in understanding whether the projection
of oneself—the episodic thoughts of future experiences—shares
characteristics with the episodic recall of past events (for
reviews, see Schacter et al., 2007; Szpunar, 2010). Finnbogadóttir
and Berntsen (2013) investigated the frequency and valence
of spontaneously arising experiences and they found that
involuntary future projections were as frequent as the involuntary
retrieval of past events. They observed that more positive events
were reported than negative experiences (see also Berntsen
and Rubin, 2002; Newby-Clark and Ross, 2003; Berntsen and
Jacobsen, 2008), and that this preference for positive events was
greater for future than for past events. It has also been observed
that older adults tend to remember positively the past (Kennedy
et al., 2004), and subjectively rate past and imagined future events
more positively than younger adults (Gallo et al., 2011).
Although the majority of past experiences and future thoughts
include trivial and unemotional events (e.g., thinking about
the day’s activities or reviewing the shopping list), positive
and negative emotional experiences are what give meaning to
our lives and they provide us with our own identity (Conway
and Pleydell-Pearce, 2000; García-Bajos and Migueles, 2013;
Demblon and D’Argembeau, 2017). Thinking about future events
can be as relevant to present life as evoking past autobiographical
experiences. In fact, to recreate the future we use our knowledge
and past experiences. Mental simulations of future experiences
are often concerned with emotionally arousing events and
virtually nothing is known about memory for these simulations
or the impact of their emotional valence on thoughts about the
future in young and older adults. The aim of this study, therefore,
was to examine whether there are differences in the recall of
future positive and negative autobiographical events between
young and older adults. That is, to examine age-based positivity
effects in imagining and recalling imagined future events.
The term positivity refers to the preference for positive
information as opposed to negative content in attention and
memory tasks, an effect that is accentuated with age (Carstensen
and Mikels, 2005; Mather and Carstensen, 2005; Schryer and
Ross, 2014). The positivity effect concerns the relative difference
between older and younger people in attention to and memory
for positive as opposed to negative material (see Reed and
Carstensen, 2012). Young adults show enhanced memory for
both positive and negative information, and often have a
tendency to process and remember negative information more
thoroughly than positive information (for a discussion, see
Baumeister et al., 2001). Compared with young adults, older
people remember more positive than negative content, or show
reduced memory for negative information when attending to
visual materials such as scenes, affective pictures, or faces
(Charles et al., 2003; Reed et al., 2014; Mammarella et al., 2016).
For instance, it has been observed that older people spend
more time attending to positive faces that reflect feelings of joy
than negative faces that express anger or sadness (Mather and
Carstensen, 2003). This positivity effect has also been observed
in memory for word lists (Shamaskin et al., 2010), long-term
autobiographical experiences (Kennedy et al., 2004), or in tasks
that involve working memory (Mikels et al., 2005). Gallo et al.
(2011) even found that older adults subjectively rated retrieved
autobiographical past events or imagined future events more
positively than younger adults, demonstrating an age-related
positivity effect. However, the opposite pattern of results has also
been found (e.g., Grühn et al., 2005), or in some cases negligible
differences have been observed between young and older adults
in the processing of emotional information (for a review see
Reed and Carstensen, 2012). The variability in both the size
and nature of the positivity effect in remembering suggest that
there are factors that have received little attention that could
moderate the effect, such as encoding conditions and information
content (Hess et al., 2013). Reed et al. (2014) conducted a
systematic meta-analysis of 100 empirical studies of the positivity
effect. All the studies compared positive and negative emotional
material in young and older adults, which allowed for an analysis
of the interaction between emotional valence and aging. The
results indicated that the positivity effect is clear and consistent,
particularly when processing constraints are not imposed on
participants and natural information is processed.
An important factor in the memory of positive and negative
emotional experiences is self-referencing (e.g., Gutchess et al.,
2007; Leshikar et al., 2015). Therefore, in this study we examined
the memory of autobiographical future emotional events related
to the participants themselves and those of other people that,
in addition, share (or not) age with the participants of the
experiment. Recovering, generating, or producing self events
require deeper and more elaborate processing than when simply
reading about the experiences of others (Symons and Johnson,
1997), and both young and older adults can benefit of depth of
processing (Lalanne et al., 2013). Therefore, personal events will
be remembered better than those of other people. In addition,
this more elaborate processing may modulate the positivity effect
in recalling imagined future events. It has been shown that
both young and older adults can benefit from self-referenced
items (Gutchess et al., 2007; Lalanne et al., 2013), that self-
referencing does not restore the memory of older adults to
the level of young adults (Gutchess et al., 2007), and that self-
reference effect can be more marginal for older adults (Lalanne
et al., 2013). Furthermore, inconsistent with a positivity effect in
aging, Leshikar et al. (2015) found that self-referencing increased
recollection memory for positive items in both young and older
adults, but further study is needed in this area. We also examined
the impact of a possible identification of the participants with the
experiences of the reference model. Thus, personal information
or the experiences of people who share age, life scripts, life
cycle, concerns and illusions, may receive additional attentional
resources. In other words, self-referential processing, which
involves encoding information in relation to oneself, can improve
the memory of the future events of other people (Gutchess et al.,
2007; Leshikar et al., 2015) and also modulate the positivity effect.
Therefore, additional objectives of the present study were to
examine the impact of self-reference and identification with other
people’s experiences in the positivity effect.
Why do older people show a tendency to favor positive
information over negative information? Although the underlying
cognitive mechanisms of the positivity effect are not fully
understood, several alternatives have been considered in the
search for explanations. The Socio-emotional Selectivity Theory
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(SST; Carstensen, 2006) emphasizes an age-related increase in
the accessibility of positive information. This theory posits that
with increased age, the priorities and motivations of a person shift
according to their future prospects. The fact that future prospects
become narrow over time and the fragility of life is appreciated
leads to a prioritization of current objectives that are related to
self-satisfaction. In other words, older adults deploy cognitive
control mechanisms to avoid negative information and to seek
positive, emotionally rewarding information. Prioritizing the
positive means that when it comes to coding information, paying
attention, or remembering facts, there is a preference for what
is deemed to be pleasant and positive. Other theories emphasize
cognitive mechanisms (e.g., Spaniol et al., 2008) and neural
processes (Kensinger and Schacter, 2008; Mammarella et al.,
2017) to explain the age × valence interaction. Studies of young
adults have shown that inhibitory mechanisms may help keep
negative thoughts and episodes from coming to mind, promoting
a positive bias (e.g., Giebl et al., 2016; García-Bajos and Migueles,
2017), and studies with young and older adults reveal that older
adults recruit cognitive control processes to strengthen positive
and diminish negative information (e.g., Mather and Knight,
2005; Knight et al., 2007), or older people automatically prefer
and process positive information because it is less complex
than negative content (Labouvie-Vief et al., 2010; Wurm, 2011).
Szpunar et al. (2012) suggest that one basis of the preference
for positive information may be the fading affect bias (Walker
et al., 1997), whereby information related to negative emotions
tends to fade more rapidly than that related to positive emotions,
which results in a tendency to remember the positive. Consistent
with this interpretation, Berntsen et al. (2011) observed that older
people remembered and judged positive experiences as being
more central to their life and identity than negative or traumatic
experiences.
Although errors have been analyzed in the positivity effect,
showing that older participants show an optimism bias and
recall more false positive than false negative information (e.g.,
Fernandes et al., 2008), one aspect that is rarely studied
in the phenomenon of positivity effect in memory is the
nature of errors. The majority of the studies have focused
on the production of events, the description of experiences,
phenomenological evaluations, or correct recall (Reed et al.,
2014). The properties of memories and the types of memory
errors people commit offer a window into the organization of
memory (Schacter, 1999). Could signs of this bias in favor of
positive over negative information in later life also be detected
in memory errors? It has been found that older adults are
more prone than younger adults to make everyday memory
errors (Ossher et al., 2013; Devitt and Schacter, 2016). The
limitations of the elderly appear in the memory of information
that requires attentional and cognitive resources (Craik and
McDowd, 1987; Danckert and Craik, 2013), such as specific facts
or concrete details. In addition, future thinking in older adults
is characterized by a lack of specificity of imagined events and
by an equal or even higher subjective experience in comparison
with younger adults (Jumentier et al., 2017). However, it has
been observed that age differences in memory are reduced or
even eliminated when participants process emotional or affective
information (May et al., 2005). Thus, an additional goal of this
study was to examine the nature of the errors shown in young
and old adults, to determine whether their impact is greater on
positive or negative content, and to also identify the types of
errors that are made in the recall of imagined future events.
For this, we distinguished between commission errors, source
errors, and emotional valence changes. Commission errors, when
the participants contribute their own or others’ events that are
not present in the coding phase, may be connected to prior
knowledge (Migueles and García-Bajos, 2012), life scripts (Rubin
and Berntsen, 2003), or forms of semantic memory that can be
used to guide one’s anticipated future (Grysman et al., 2015).
Source errors—in which an error is made regarding the subject
or action of an event—can be an index of the lack of specificity
of processing the origin of the information (Danckert and
Craik, 2013; Jumentier et al., 2017) and should depend on the
recollection of specific details about the earlier generated events
(Gallo et al., 2011). And more relevant to the effect of positivity
in the memory of future events would be changes in emotional
valence, where negative events are remembered as positive.
In short, in our daily lives we frequently think of future
positive and negative emotional events. Because of the interest
in understanding the effects of aging on episodic future memory,
in this study we examined the positivity effect and differences
in recall between young and older adults for self and other
future events. We also examined errors, since they are indicators
of memory processes and limitations, and may be manifest in
positivity or negativity biases in the recall of emotional future
events.
MATERIALS AND METHODS
Participants
The final sample of participants in the experiment consisted of a
total of 136 students from the University of the Basque Country.
Of these, there were 68 young adults aged between18 and 30 years
(M = 20.37; SD = 2.16), which included 59 women and 9 men,
all of which were psychology students. The 68 older participants
were aged between 55 and 75 years (M = 65.13; SD = 4.02),
48 of which were females and 20 males. These old participants
were enrolled in a university degree in human sciences. Table 1
displays the characteristics of the participants. There were no
differences between the young and older adults in the years of
completed formal studies, t(134) = −94, p = 0.35, d = 0.02,
or perceived health, Mann–Whitney test, Z = −1.84, p = 0.07.
Young adults showed greater semantic fluency in the animal
production task for 1 min, t(134)= 5.79, p< 0.001, d= 0.21, and
greater processing speed in the Wechsler Adult’s digit symbol-
coding task Intelligence Scale (WAIS, Wechsler, 1997/1999) for
2 min, t(134)= 10.33, p< 0.001, d= 0.36, in comparison with the
older adults. In contrast, the older participants achieved higher
scores than the young adults, t(134) = 2.65, p < 0.01, d = 0.17,
in a 4-min verbal comprehension task composed of 50 items,
each of which included four synonyms (Thurstone, 1938/1996).
To examine whether the significant differences in cognitive
abilities between the young and older participants influenced the
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TABLE 1 | Participant characteristics (SDs in parentheses).
Age Years of education Healtha Semantic fluencyb Verbal comprehensionc Speed of processingd
Young 20.37 (2.16) 15.50 (0.82) 4.32 (0.58) 18.18 (2.75) 34.12 (6.50) 86.35 (14.25)
Older 65.13 (4.02) 15.85 (2.98) 4.15 (0.55 14.71 (4.11) 38.85 (7.69) 59.88 (15.61)
aParticipants rated their state of health on a scale from 1 (very bad) to 5 (very good). b1 min of animal names. cPMA Verbal factor (Thurstone, 1938/1996).
dDigit symbol-coding task (Wechsler, 1997/1999).
main findings of the study on future events production, correct
recall or errors, a set of ANCOVAs (Analyses of Covariance),
were conducted with semantic fluency, processing speed and
verbal comprehension as covariables. The results showed that
semantic fluency, processing speed or verbal comprehension did
not interact significantly (p > 0.05 cases) with any of the factors
studied: age group, model age, emotional valence, experiences
recalled or type of errors.
Materials
For the experiment, each participant was presented with 16
future experiences, eight positive and eight negative (Table 2)
randomly organized. To manipulate the model age (young or
old) as a between-participants factor to generate self-events, the
68 young adults and the 68 older participants were randomly
divided in two subgroups of 34 participants each. In addition,
two examples were selected to control for primacy and recency
effects, which also served to help participants understand the task.
Future experiences had been obtained from a previous normative
TABLE 2 | The 16 future autobiographical events, eight positive and eight
negative, of the young and old model age (in italics the older events, when they
were different from the young model events).
Future autobiographical events
POSITIVE
Example. Attend a concert/play
Do a master’s degree/computing course
Travel to Paris/Italy
Having a good time at parties
Meet my future partner/my children’s partner
Have children/grandchildren
Get along with family
Buy myself a house/another house
Live by myself/independently
NEGATIVE
Not being able to finish the degree/finish the university courses
Fear of not finding a job/my children not finding a job
Contracting a serious illness
Arguing with my friends
Losing my job/cognitive abilities
Disappoint my parents/children
Death of people close to me
Suffer an accident
Example. Having problems financially/reaching the end of the month
Half of the young participants received young model events, whereas the other half
received old model events, the same being true for older participants. The retrieval
cues for the task of production of own experiences are in bold characters.
study using 600 participants of similar characteristics to those of
the current study, but none of them subsequently participated
in the present experiment. This sample was composed of 300
youngsters aged between 18 and 30 years (M= 20.46, SD= 2.38),
of which 243 were females and 57 males. The 300 older
participants were aged between 56 and 80 years (M = 66.59,
SD = 5.09), of which 212 were females and 88 males. All
participants produced, for 8 min, future events. Of these, 100
young and older participants produced positive thoughts or
experiences, 100 produced negative thoughts, and the remaining
100 did not receive instructions about the valence. Based on
the experiences obtained, eight frequent positive and eight
negative events were selected, generated by more than 20% of
young or older adults. The 16 future events selected served as
models for the participants in the experiment to generate their
own future events or thoughts. Half of the young participants
received young model events, whereas the other half received
old model events, the same being true for older participants.
Whether the model came from young or old adults, retrieval
cues (a procedure based on Migueles and García-Bajos, 2015
and García-Bajos and Migueles, 2017) were selected to help
participants produce their own future events or experiences,
that could be positive (e.g., Travel to...) and negative (e.g.,
Fear of...).
Design
The present study employed a 2 (participants age: young or
old) × 2 (model age to generate self-events: young or old) × 2
(emotional valence: positive and negative), mixed factorial
design with between-participants factors being the age of the
participants and the age of the model to generate one’s own
future experiences, whilst the within-participants variable was
the emotional valence of the events. The correct recall and
errors were measured for the recall of the positive and negative
experiences of the model and those generated personally by each
participant. Three types of errors were evaluated: commission
errors, source errors, and valence changes.
Procedure
Before starting the experiment, written informed consent was
obtained from all participants. This study was carried out
in accordance with the American Psychological Association
standards for ethical treatment of participants, the Declaration
of Helsinki, and was approved by the Ethics Committee of
the University of the Basque Country UPV/EHU. Participants
were first informed that the experiment dealt with the memory
of positive and negative autobiographical experiences that are
expected to occur in the future. They then filled out a personal
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information sheet, which included age, gender, education, and
health status.
The experiment was conducted in three phases. The first
phase focused on the task of producing future autobiographical
experiences, followed by the second phase that included tests
to measure participants’ cognitive abilities and, finally, the third
phase consisted of the final recall task. The duration of the
experiment was approximately 45 min.
To obtain the autobiographical experiences of the participants,
a sheet was designed with the instructions in the heading and with
two columns. The instructions were read by the experimenter and
by each participant when receiving the material. The instructions
were:
“When we think of the future we imagine positive and negative
experiences that can occur in the near or distant future. We asked
young and older university students to list their future thoughts
and would like to contrast them with yours. Write your own
positive or negative thoughts.”
The first column contained the 16 experiences obtained in
the previous study with young psychology students or elderly
human sciences students. The experiences of young and old
served to counterbalance the model age so that the participants,
young and old, generated their own experiences. At the head
of the first column of the model experiences a 5 × 2.5 cm
color photograph was placed with young or older students with
headings Psychology Students or Human Sciences Students at
the top of the photograph. To match the characteristics of the
participants of the experiment, both photographs included white
western female and male students in academic contexts; one
photograph (young adults) representing undergraduate students
in their twenties and the other photograph (old adults) elderly
students in their sixties to seventies. The second column heading
was an orange picture of a silhouette of the bust of a person
on with the title Me. Below was a list with the cues of the 16
experiences, eight positive and eight negative (Table 2) presented
randomly, but in the same order as the experiences of the model.
The participants of the experiment, young and old, had in the first
column the experiences of the model (young students or older
students) and had to write in the second column their own future
experiences. An example was included at the beginning and end
of the lists in each column. Participants had 8 min to examine
the experiences of the model, young or old, and use the cues to
complete their own experiences. Therefore they had to generate
16 own experiences, eight positive and eight negative. They were
told to work at their own pace and to try to complete all the cues.
Between the production task and the final recall three
cognitive tests were intercalated. These also served as distractor
tasks to fill the 15-min interval between the production tasks
and the final recall task. The participants completed a 1-min
verbal fluency test on animals, followed by a 4-min verbal
comprehension test composed of 50 items containing 4-synonym
groups, and finally a 2-min digit-symbol-coding task.
For the final recall task, the participants—young and old—
were given a sheet with two blank columns, headed only by the
same photos included in the production phase. They were told
that they had 8 min to write in the order they wished, both the
16 future experiences of the model, young or old, and the 16
experiences of their own.
RESULTS
In the production task, it was taken into account that the
participants had completed at least 14 of the 16 experiences.
Those participants who had not correctly remembered at least
two experiences of the model and two self experiences were
also discarded. Two researchers independently evaluated the
participants’ responses to the production and recall tasks, and
there were no discrepancies between them.
Production of Future Events
The success rate for the production of the 16 future events,
eight positive and eight negative, was 98.91%. To analyze the
events produced by the participants, a 2 (group age: young,
older) × 2 (model age: young or older) × 2 (emotional valence:
positive, negative) ANOVA was conducted. The factors model
age, F(1,132) = 1.11, p = 0.74, η2p = 0.001, and emotional
valence, F(1,132) = 0.48, p = 0.49, η2p = 0.004, were not
significant, whereas the group factor, F(1,132) = 6.98, p = 0.009,
η2p = 0.05, and the interaction group× valence, F(1,132)= 4.36,
p = 0.039, η2p = 0.03, were significant. The number of events
produced was higher in the young (M = 15.94, SD = 0.29, range
14–16) than in the older participants (M = 15.71, SD = 0.67,
range 14–16). In the post hoc comparisons conducted to explore
the group × valence interaction, the Bonferroni test revealed
that there were no differences between the production of positive
and negative experiences in young people (7.94, 8.00, p > 0.05)
or in the elderly (7.91, 7.79; p > 0.05). In the production
of positive experiences no differences were found between the
young and older participants (7.94, 7.91; p > 0.05), but the
older adults produced fewer negative experiences than the
younger ones (7.79 < 8.00, p = 0.03). Therefore, although
older people produced fewer experiences than young people, this
limitation only affected negative, but not positive experiences.
Thus, although the effect size was small, we found a positivity
effect in the elderly in the task of producing self future events.
Correct Recall
Of the 16 experiences of the model or of their own that
the participants could remember, the young people correctly
remembered between 3 and 15 (M= 9.01, SD= 2.43) experiences
and the older people between 2 and 12 (M = 6.32, SD = 2.09)
experiences. The percentage of experiences correctly recalled was
greater than 50% in the recall of one’s own experiences (M= 53%,
SD= 16.35), t(135)= 2.00, p< 0.05, d = 0.17, and less than 50%
in the recall of the model experiences (M = 43%, SD = 16.56),
t(135) = −4.92, p = 0.001, d = 0.42. Table 3 displays the
proportion of positive and negative experiences of the model and
self-events that were correctly recalled by young and older adults.
In order to analyze the number of experiences correctly
recalled, a 2 (age group: young or older) × 2 (model
age: young or older) × 2 (emotional valence: positive and
negative) × 2 (experiences recalled: model and self) ANOVA
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TABLE 3 | Mean proportion of correct recall of future positive and negative
autobiographical events (SDs in parentheses) of both the model and own
experiences in young and older adults.
Participants Young Older
Model age Young Older Young Older
Model events recall
Positive 0.62 (0.14) 0.54 (0.16) 0.40 (0.17) 0.40 (0.18)
Negative 0.48 (0.20) 0.44 (0.20) 0.24 (0.14) 0.32 (0.20)
Self events recall
Positive 0.65 (0.18) 0.65 (0.15) 0.52 (0.19) 0.57 (0.19)
Negative 0.55 (0.21) 0.56 (0.20) 0.35 (0.19) 0.36 (0.24)
was conducted. The factors age group, F(1,132) = 62.81,
p < 0.001, η2p = 0.32, experiences recalled (model and self),
F(1,132) = 67.32, p < 0.001, η2p = 0.34, and emotional valence,
F(1,132)= 55.86, p< 0.001, η2p = 0.30, were all significant. As in
the production task, young participants (M = 0.56) remembered
a greater proportion of experiences than the older participants
(M = 0.40). Relative to the young and old participants, globally,
own imagined experiences (M = 0.53) were better remembered
than the experiences of the model (M = 0.43) and more positive
experiences (M = 0.55) than negative experiences (M = 0.41)
were recalled. The model age factor, F(1,132) = 0.04, p = 0.85,
η2p = 0.01, and the interaction between age group × model age,
F(1,132) = 1.87, p = 0.17, η2p = 0.01, were not significant. Thus,
having a model with experiences provided by people of the same
or different age, young or old, had no impact on recall.
Only the interaction between age group x experiences recalled
(model or self) x valence, F(1,132) = 5.40, p = 0.022, η2p = 0.04,
was significant. Post hoc comparisons were performed using
the Bonferroni test. We found (Figure 1) that the differences
between young and old were smaller for the recall of their own
positive experiences (0.65 −0.56 = 0.09) in comparison with
their own negative experiences (0.56 −0.36 = 0.20), positive
model experiences (0.58 −0.40 = 0.18) and negative experiences
(0.46 −0.28 = 0.18), with p < 0.05 in all comparisons. Thus,
FIGURE 1 | Proportion of correct recall of the positive and negative future
events of both the model and own experiences in young and older adults.
Error bars represent standard errors.
as in the production task, in correct recall we also find an age-
based positivity effect. In addition, in older people the differences
between the recall of positive and negative experiences were
greater when the experiences were their own (0.55−0.35= 0.20)
as opposed to the model experiences (0.40 −0.28 = 0.12),
t(67) = 2.03, p < 0.05, d = 0.26, whereas in the young
there were no significant differences between recall of positive
and negative experiences between recall of model experiences
(0.58 −0.46 = 0.12) and own experiences (0.65 −0.56 = 0.09),
t(67) = −1.10, p = 0.27, d = 0.12. Therefore, not only do the
participants remember their own experiences better than those of
the model, the older participants are more positively biased than
the younger participants, but only when asked to recall their own
experiences.
Errors
Three types of errors were taken into account for the recall
task. Commission errors were analyzed, in which the participants
recalled experiences or content that was neither in the model
nor in the experiences they had produced themselves. Source
errors, where they mistook in the recall task the model and
their own experiences (e.g., remembering as own experience
to travel to Paris, when it was only a model experience) or
attributed subjects and actions incorrectly (e.g., if they had
produced to discuss with their sister-in-law, remembering to
discuss with their brothers), and errors of valence change,
which consisted of remembering negative experiences as being
positive (e.g., a negative event such as not being able to finish
the course being remembered as positive, i.e., finishing the
course) or remembering positive experiences as having negative
valence (e.g., the positive event of buying a new house being
remembered negatively, such as not being able to buy a new
house). The types of errors were always independent of one
another.
The young participants incorrectly recalled an average of 0.85
experiences (SD = 0.84, range 0–4) and the older participants
a mean of 0.92 experiences (SD = 1.09, range 0–7). The mean
number of errors was less than 1 in the recall of self events
(M = 0.82, SD = 0.90), t(135) = −2.39, p = 0.018, d = 0.21,
and there were no significant differences in the recall of model
experiences (M = 0.95, SD = 1.05), t(135) = −0.57, p = 0.57,
d = 0.05. Table 4 presents the results of errors in the recall of
the positive and negative experiences of both the model and self
events in the young and older adults.
In order to analyze the errors, we conducted a 2 (age group:
young or older)× 2 (model age: young or older)× 2 (emotional
valence: positive and negative) × 2 (experiences recalled: model
and self) × 3 (type of errors: commission, source, and valence
change) ANOVA. The factors age group, F(1,132) = 0.35,
p= 0.56, η2p = 0.003, model age (young, older), F(1,132)= 0.03,
p = 0.87, η2p = 0.001, and experiences recalled (model, self),
F(1,132) = 2.09, p = 0.15, η2p = 0.02, were not significant,
whereas there were significant effects of the emotional valence,
F(1,132) = 53.15, p < 0.001, η2p = 0.29, and in the type of
errors, F(2,132) = 23.80, p < 0.001, η2p = 0.15. There were
more errors when recalling negative experiences (M = 0.70) than
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TABLE 4 | Mean number of errors in the recall of future positive and negative
events from the model and own events in young and older adults (SDs in
parentheses).
Participants Young Older
Experiences Positive Negative Positive Negative
Model events recall
Commission errors 0.13 (0.38) 0.15 (0.43) 0.07 (0.26) 0.06 (0.24)
Source errors 0.07 (0.26) 0.28 (0.57) 0.07 (0.26) 0.10 (0.31)
Valence change 0.03 (0.17) 0.32 (0.58) 0.06 (0.24) 0.56 (1.07)
Self events recall
Commission errors 0.06 (0.29) 0.09 (0.29) 0.03 (0.17) 0.06 (0.24)
Source errors 0.09 (0.29) 0.09 (0.29) 0.03 (0.17) 0.07 (0.26)
Valence change 0.03 (0.17) 0.35 (0.54) 0.07 (0.26) 0.66 (0.89)
positive experiences (M = 0.18). The post hoc comparisons using
the Bonferroni test showed that there were more valence change
errors (M = 0.52) than source errors (M = 0.20) and commission
errors (M = 0.16), with p < 0.001 values in both comparisons.
There were no significant differences between source errors and
commission errors.
The interactions age group × error type, F(2,132) = 9.12,
p< 0.001, η2p = 0.07, and valence× error type, F(2,132)= 27.70,
p < 0.001, η2p = 0.17, were significant. The younger participants
showed more source errors than the older participants
(0.26 > 0.14, p < 0.05), whilst the older participants made
more valence change errors than the younger participants
(0.68 > 0.37, p < .01). There were no significant differences in
commission errors between the young and old participants (0.21,
0.11, p = 0.06) (Figure 2). There were more source errors in the
recall of negative experiences than the positive ones (0.14> 0.07,
p< 0.05) and valence changes (0.47> 0.05, p < 0.001), but there
were no significant differences between positive and negative
experiences in terms of commission errors (0.9, 0.7, p > 0.05).
Also significant was the interaction group × valence × errors,
F(2,132) = 3.61, p < 0.05, η2p = 0.03 (Figure 3). The differences
in errors between young and old were restricted to negative
experiences. Only in the recall of negative experiences did the
younger participants show more source errors than the older
group (0.18 > 0.09, p < 0.05), whilst the older participants
made more valence change errors than the younger participants
(0.61 > 0.34, p < 0.05). The change in the value of negative to
positive experiences was twice as great in the elderly as in the
young. Therefore, the errors also reveal an age-based positivity
effect.
Also significant was the interaction model
age × valence × experiences recalled (model or self) × errors,
F(3,132) = 3.21, p = 0.023, η2p = 0.03. There were more source
errors in the recall of the experiences of the model than in the
own experiences (0.22 > 0.06, p < 0.01) and more changes of
negative to positive valence in the recall of the own experiences
than in the recall of the model experiences (0.56> 0.34, p< 0.05).
The source errors in the recall of the model experiences show
that the encoding of the model was more superficial than that
of the own experiences. However, valence errors show that
age-based positivity effects are applied more frequently to
FIGURE 2 | Mean number of errors in the recall of future events in young and
old adults. Error bars represent standard errors.
FIGURE 3 | Mean number of commission errors, source errors, and change
of valence errors in the recall of positive and negative future events in young
and older adults. Error bars represent standard errors.
the own experiences than to those of the model. Thus, whilst
self-referencing favors memory it also fosters biases of emotional
self-adaptation toward positivity.
DISCUSSION
The central objective of this study was to examine age-based
positivity effects in the recall of emotional future events. The
participants, young and older adults, were presented with a model
of future experiences provided by a previous study in young and
old adults and had to generate their own future experiences from
positive and negative retrieval cues. Although the participants
knew that it was a memory experiment, they were never told
that they had to study the experiences or that they would have to
remember them later. That is, they had no restrictions or complex
instructions to follow. It has been observed that the positivity
effect is more pronounced in studies that do not constrain
cognitive processing and allow the participants’ preferences to
appear more spontaneously (Reed et al., 2014). Therefore, whilst
incidental processing can reduce the level of recall (Schlagman
et al., 2009), these are the ideal conditions under which the
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positivity effect, the interaction between age (young vs. old)
and emotional valence (positive vs. negative), can naturally
emerge. As expected, both our young and older participants
remembered more positive than negative events, showing a
clear optimism bias about the future. In addition, age-based
positivity effects were evident in the older participants, since
on both the production and recall tasks the elderly group was
relatively more resistant to the recall of negative events (Charles
et al., 2003). Further, when examining errors the older group
transformed twice as many negative future events into positive
experiences. Our results are consistent with the Socio-emotional
Selectivity Theory (SST; Carstensen, 2006), which emphasizes the
importance of prioritizing information related those aspects that
generate wellbeing and balance. Although studies are needed to
determine the role of inhibitory mechanisms in the positivity
effect, findings with young adults in autobiographical memory
suggest that people tend to reduce, suppress or block the
accessibility of negative thoughts and events (Giebl et al., 2016;
García-Bajos and Migueles, 2017).
An interesting aspect of the present study is that it compares
young and old participants that share certain characteristics.
In particular, all participants, young and old, were university
students, a characteristic that homogenizes variables such as
culture or socioeconomic status. In this experiment, despite the
possible diversity in vital and generational experiences, there
were no differences between young and old in terms of years
of formal education. The age limit of the older participants was
capped at 75 years to prevent high levels of cognitive impairment.
Young and old people with serious medical or psychological
problems, such as cancer or depression, were also excluded.
Older people tend to perceive their health to be worse than
young people (Pinquart, 2001) but, after applying these selection
criteria, there were no significant differences between the young
and older participants in their overall health in this study.
Nonetheless, when cognitive abilities are compared, the common
limitations associated with aging appear. In the present study
three cognitive aspects were evaluated. Young adults showed
greater semantic fluency than older adults in a production task
of exemplar categories. The older participants had higher scores
in verbal comprehension than the young adults when tested
on a synonyms task. And older people were at a disadvantage
compared with young people when tested on a digit-symbol
coding task, which involves greater cognitive abilities, working
memory, and processing speed. These results are in agreement
with the findings of other studies on cognitive aging, which
significantly affects the speed of processing and working memory,
but not world knowledge (Park et al., 2002).
In this study we analyzed the positivity effect both in the
production task and in the correct and incorrect responses on the
recall task. In all three measures we found a preference for the
positive contents to the detriment of the most negative contents.
As in many studies on episodic future thinking (e.g., Kwan et al.,
2010; Gallo et al., 2011), a cueing technique was used to obtain
future autobiographical events. Although several studies point
out that future events produced in response to experimentally
provided cues are of a different nature compared with self-
generated future events (Neroni et al., 2016), the cues used in
this experiment came from a previous normative study, providing
cues to generate relevant emotional facts for each age group. This
procedure allowed us to examine the correct recall and the nature
of the errors of personal emotional events and those of others of
the same age or a different age. In the production task, although
the size of the effect was small, the younger participants produced
more future events than the elderly group. This result, however,
was restricted to negative experiences, because there were no
significant differences between the young and old participants
in the production of positive events. Therefore, older adults
produced fewer negative events than the younger group, which
indicates a positivity effect on the task of producing future
events in the elderly. With increasing age, motivational priorities
change, and a preference for positive information over negative
information emerges (Carstensen and Mikels, 2005; Mather and
Carstensen, 2005; Schryer and Ross, 2014). Older people have
greater accessibility to positive future thoughts, and give priority
to thoughts that generate satisfaction or emotional balance. In
fact, during the production phase the older participants expressed
that they had difficulty imagining negative future events and that
they preferred to think positively.
In the recall task, as in the production task, young
adults remembered, regardless of emotional valence, more
future experiences than the older participants. One of the
more consistent findings in the cognitive aging literature is
that, compared with younger adults, older adults provide
less information and are less accurate. The deterioration in
performance in episodic memory tasks, as used in the present
study, has been observed in a range of situations including word
lists, sentences, fragments of prose, faces, drawings, photographs,
or daily life situations (see Salthouse, 1991; Bäckman et al., 2000;
and Park et al., 2002, for reviews). In addition, the limitations
related to aging are accentuated on tasks of free recall where
there are no external cues, and which require self-initiation and
the use of retrieval strategies (Craik, 2005). Our results support
the notion of a negative effect of aging on the recall of imagined
future events.
What was the impact of remembering one’s own or others’
experiences? Participants recalled more self events than those
of the model, regardless of whether the model was young
psychology students or older students. As shown in previous
studies, both young and older adults can benefit from self-
referenced items (Gutchess et al., 2007; Lalanne et al., 2013). The
task of generating one’s own experiences involves a deeper level
of processing than simply reading the experiences provided by
other people, and it is known that more elaborate processing leads
to better performance on memory tasks (Craik and Lockhart,
1972; Craik, 2002). Therefore, the processing of the model
could be more superficial, based on the simple reading of
the experiences without elaboration, whereas producing own
personal experiences entails more in-depth processing. Both
young and older adults can benefit of depth of processing
(Lalanne et al., 2013). In addition, the experiences generated by
the participants themselves were aspects of personal relevance,
and represented plausible and highly significant events that could
occur in the near future (D’Argembeau et al., 2012), and events
that are relevant to the self are better remembered than the
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experiences of other people (Gutchess et al., 2007; Carson et al.,
2016).
The self is a meaningful construct that is linked to
motivational and social aspects that become increasingly relevant
with age (Gutchess et al., 2007). Encoding information with
reference to the self can be a natural and familiar strategy for
the elderly, which can help to reduce the cognitive processing
burden and minimize differences when compared with the
performance of young people (Castel, 2005; Gutchess et al.,
2007). Thus, relating information to oneself could be an effective
encoding strategy that helps to process the information in a
meaningful, elaborate, and organized way (see Klein and Loftus,
1988; Leshikar et al., 2015). Contrary to the idea that self-
reference effect can be more marginal for older than younger
adults (Lalanne et al., 2013), the opposite pattern of results was
observed in the present experiment. Further, and contrary to
the inconsistent results with a positivity effect in aging found by
Leshikar et al. (2015), that self-referencing increased recollection
memory for positive items in both young and older adults, a
significant positivity effect was evident in the present experiment
in the recall of own imagined future events. In fact, the impact
of the self was more relevant in older people, particularly when
dealing with the positive social-emotional information to which
they are motivated to pay special attention. These ideas are
supported by the fact that the differences between young and
old were less evident in the recall of positive experiences than
negative experiences, both for those experiences related to the
self and those of the model. Another result consistent with the
relevance of self-reference processing and positivity effect is that
in older people the differences between the recall of positive and
negative experiences were greater for the recall of self future
events than those of the model, while in the young people these
differences did not appear. Working with the experiences of other
people of the same generation or a different generation, whilst
it could also have triggered processes of self-referencing and
identification as individuals attempt to understand the mental
state of others (Hess et al., 2013), was not a relevant variable,
possibly because they did not perceive the experiences of the
model as being relevant or as pertaining to themselves, or because
older adults did not identify with the model of their chronological
age (e.g., Rubin and Berntsen, 2006).
Relatively few studies have documented the types of errors
made in recall in young and older adults. Compared with younger
adults, older adults are impaired in their ability to accurately
recall perceptual and conceptual based source information but
age differences are reduced or even eliminated when participants
process emotional or affective information (May et al., 2005). In
this experiment three types of errors were taken into account.
First, we examined commission errors, which are due to own
elaborations, deductions or reconstructive processes based on
typical aspects, stereotypes, or knowledge schemas for such
events. Second, we considered source attribution errors, which
are due to erroneous subject/action exchanges, and which may
depend on the level of processing. For this reason, the attribution
errors were more likely in the recall of the model than in the recall
of one’s own imagined future events. Age-related differences in
source errors were restricted to the recall of negative events and,
contrary to predictions of age-related decline in source accuracy
based on recognition tasks (see May et al., 2005; Gallo et al.,
2011), young adults had more source errors than older adults.
This result may be derived from the worse recall of negative
events in older adults. Third, we looked at the valence change
errors. The change from negative to positive valence in recall
was more pronounced in the recall of one’s own experiences
than those of the model. This effect is due to a tendency
toward self-adaptation that biases our perspective toward positive
events. We are motivated, particularly the elderly, to process
information that generates emotional satisfaction and we have
a desire to attain a level of emotional wellbeing (Carstensen,
2006). Transforming the negative, which disturbs or worries
us, into something positive is an example of this bias. Our
results are in line with Fernandes et al. (2008) study. They
measured memory for words, pictures and autobiographical
material in young and older adults and on all three recall
tasks older adults erroneously recalled more positive than
false negative memories, showing that older reconstruct the
past to accentuate the positive. Even so, consistent with the
idea that free recall tasks generate few errors, the average
number of errors was less than one per participant in this
experiment, as occurs, for instance, in the recall of emotional
eyewitness events (e.g., García-Bajos et al., 2012). Nonetheless,
the information they provide is very significant because it
illustrates the processes involved and the biases derived from
constructing and remembering positive and negative future
events.
In our results we found that there were more valence change
errors than source or commission errors. The positive to negative
valence change represented only 9% of all valence changes, while
the change from negative to positive events was 91%. Therefore,
the most characteristic error was the tendency to favor positive
content over negative content in the recall of future events.
There were more source errors in negative events than positive
events for the model experiences; this difference, however, was
less evident for the own experiences, which could indicate that
negative events involving others could receive a more superficial
and less detailed level of processing, and therefore the connection
between subject and action is lost more easily. Contrary to what
happens on recognition tasks that generate high proportions of
false alarms, commission errors were infrequent in recall and
there were no significant differences between young and older
participants or between positive and negative events in this
regard.
With respect to age differences, the most important errors
were the changes in valence from negative to positive events,
which were twice as frequent in the older participants in
comparison with the younger ones. Therefore, in this experiment,
as in the production and the correct recollection of future events,
examining the errors also reveals a strong age-based positivity
effect in the elderly. One striking feature is that positivity effects
are more often applied to one’s own experiences than to those
of the model. That is, self-referencing favors memory (Klein
and Loftus, 1988; Gutchess et al., 2007), but also encourages
biases to avoid the negative and to have a vision of emotional
self-adaptation that favors positivity.
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CONCLUSION
The results of this study show a consistent optimism bias in the
memory of future events, that is, we have a greater tendency to
remember positive experiences than negative experiences. Thus,
imagining the future may have synergistic value for our everyday
emotional state. Compared with younger people, older people
show a positivity effect, a greater preference for positive content
that brings them wellbeing, balance and personal satisfaction. But
our data also show another adaptive characteristic of memory,
i.e., the rejection of the emotionally negative. People tend not
to think about the negative things that may come to them in
the future and that generate anguish, fear, or sadness. Our data
suggest that older people are particularly prone to avoid negative
experiences of the mind and to even transform them into more
emotionally pleasant ideas. Because of its social relevance and
potential applicability to clinical settings, it will be a challenge for
future research to examine which variables encourage positivity
when imagining the future, along with the real impact of this
effect on everyday life.
AUTHOR CONTRIBUTIONS
All the authors contributed to the project of this research. MM
and EG-B conceived, designed and prepared the materials for
the experiment. MM and AA performed the experiment and
collected the data. EG-B and MM scored the tasks and EG-
B analyzed the data. EG-B and MM wrote the manuscript. All
the authors revised critically the paper for important intellectual
content, approved the manuscript for publication, and agreed
to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the
work are appropriately investigated and resolved.
FUNDING
This research was supported by grants PSI2015-63709-P
(MINECO/FEDER, EU) from the Spanish Ministry of Economy
and Competitiveness and GIU15/02 from the University of the
Basque Country UPV/EHU.
REFERENCES
Bäckman, L., Small, B.J., Wahlin, A., and Larsson, M. (2000). “Cognitive
functioning in very old age”, in Handbook of Aging and Cognition, eds F. I. M.
Craik and T. A. Salthouse (Mahwah, NJ: Erlbaum), 499–558.
Baumeister, R. F., Bratslavsky, E., Finkenauer, C., and Vohs, K. D. (2001). Bad
is stronger than good. Rev. Gen. Psychol. 5, 323–370. doi: 10.1037/1089-2680.
7.2.203
Berntsen, D., and Jacobsen, A. S. (2008). Involuntary (spontaneous) mental time
travel into the past and future. Conscious. Cogn. 17, 1093–1104. doi: 10.1016/j.
concog.2008.03.001
Berntsen, D., and Rubin, D. C. (2002). Emotionally charged autobiographical
memories across the life span: the recall of happy, sad, traumatic, and
involuntary memories. Psychol. Aging 17, 636–652. doi: 10.1037//0882-7974.17.
4.636
Berntsen, D., Rubin, D. C., and Siegler, I. C. (2011). Two versions of life:
emotionally negative and positive life events have different roles in the
organization of life story and identity. Emotion 11, 1190–1201. doi: 10.1037/
a0024940
Carson, N., Murphy, K. J., Moscovitch, M., and Rosenbaum, R. S. (2016). Older
adults show a self-reference effect for narrative information. Memory 24,
1157–1172. doi: 10.1080/09658211.2015.1080277
Carstensen, L. L. (2006). The influence of a sense of time on human development.
Science 312, 1913–1915. doi: 10.1126/science.1127488
Carstensen, L. L., and Mikels, J. A. (2005). At the intersection of emotion and
cognition aging and the positivity effect. Curr. Dir. Psychol. Sci. 14, 117–121.
doi: 10.1111/j.0963-7214.2005.00348.x
Castel, A. D. (2005). Memory for grocery prices in younger and older adults: the
role of schematic support. Psychol. Aging 20, 718–721. doi: 10.1037/0882-7974.
20.4.718
Charles, S. T., Mather, M., and Carstensen, L. L. (2003). Aging and emotional
memory: the forgettable nature of negative images for older adults. J. Exp.
Psychol. Gen. 132, 310–324. doi: 10.1037/0096-3445.132.2.310
Conway, M. A., and Pleydell-Pearce, C. W. (2000). The construction of
autobiographical memories in the self-memory system. Psychol. Rev. 107,
261–288. doi: 10.1037/0033-295X.107.2.261
Craik, F. I. M. (2002). Levels of processing: past, present. and future? Memory 10,
305–318. doi: 10.1080/09658210244000135
Craik, F. I. M. (2005). “On reducing age-related declines in memory”, in Measuring
the Mind: Speed, Control and Age, eds J. Duncan, L. Phillips, and P. McLeod
(Oxford: Oxford University Press), 275-292.
Craik, F. I. M., and Lockhart, R. S. (1972). Levels of processing: a framework for
memory research. J. Verbal Learn. Verbal Behav. 11, 671–684. doi: 10.1016/
S0022-5371(72)80001-X
Craik, F. I. M., and McDowd, J. M. (1987). Age-differences in recall and
recognition. J. Exp. Psychol. Learn. Mem. Cogn. 13, 474–479. doi: 10.1037/0278-
7393.13.3.474
Danckert, S. L., and Craik, F. I. M. (2013). Does aging affect recall more than
recognition memory? Psychol. Aging 28, 902–909. doi: 10.1037/a0033263
D’Argembeau, A., Lardi, C., and Van der Linden, M. (2012). Self-defining future
projections: exploring the identity function of thinking about the future.
Memory 20, 110–120. doi: 10.1080/09658211.2011.647697
Demblon, J., and D’Argembeau, A. (2017). Contribution of past and future
self-defining event networks to personal identity. Memory 25, 656–665.
doi: 10.1080/09658211.2016.1205095
Devitt, A. L., and Schacter, D. L. (2016). False memories with age: neural
and cognitive underpinnings. Neuropsychologia 91, 346–359. doi: 10.1016/j.
neuropsychologia.2016.08.030
Fernandes, M., Ross, M., Wiegand, M., and Schryer, E. (2008). Are the memories of
older adults positively biased? Psychol. Aging 23, 297–306. doi: 10.1037/0882-
7974.23.2.297
Finnbogadóttir, H., and Berntsen, D. (2013). Involuntary future projections are
as frequent as involuntary memories, but more positive. Conscious. Cogn. 22,
272–280. doi: 10.1016/j.concog.2012.06.014
Gallo, D. A., Korthauer, L. E., McDonough, I. M., Teshale, S., and Johnson,
E. L. (2011). Age-related positivity effects and autobiographical memory
detail: evidence from a past/future source memory task. Memory 19, 641–652.
doi: 10.1080/09658211.2011.595723
García-Bajos, E., and Migueles, M. (2013). An integrative study of autobiographical
memory for positive and negative experiences. Span. J. Psychol. 16:e102.
doi: 10.1017/sjp.2013.103
García-Bajos, E., and Migueles, M. (2017). Retrieval of past and future positive
and negative autobiographical experiences. Cogn. Emot. 31, 1260–1267.
doi: 10.1080/02699931.2016.1204988
García-Bajos, E., Migueles, M., and Aizpurua, A. (2012). Bias of script-driven
processing on eyewitness memory in young and older adults. Appl. Cogn.
Psychol. 26, 737–745. doi: 10.1002/acp.2854
Giebl, S., Storm, B. C., Buchli, D. R., Bjork, E. L., and Bjork, R. A. (2016). Retrieval-
induced forgetting is associated with increased positivity when imagining the
future. Q. J. Exp. Psychol. 69, 351–360. doi: 10.1080/17470218.2015.1085586
Grühn, D., Smith, J., and Baltes, P. B. (2005). No aging bias favoring memory
for positive material: evidence from a heterogeneity-homogeneity list paradigm
Frontiers in Psychology | www.frontiersin.org 10 September 2017 | Volume 8 | Article 1700
fpsyg-08-01700 September 25, 2017 Time: 13:40 # 11
García-Bajos et al. Positivity in Recalling the Future
using emotionally toned words. Psychol. Aging 20, 579–588. doi: 10.1037/0882-
7974.20.4.579
Grysman, A., Prabhakar, J., Anglin, S. M., and Hudson, J. A. (2015). Self-
enhancement and the life script in future thinking across the lifespan. Memory
23, 774–785. doi: 10.1080/09658211.2014.927505
Gutchess, A. H., Kensinger, E. A., Yoon, C., and Schacter, D. L. (2007). Ageing
and the self-reference effect in memory. Memory 15, 822–837. doi: 10.1080/
09658210701701394
Hess, T. M., Popham, L. E., Dennis, P. A., and Emery, L. (2013). Information
content moderates positivity and negativity biases in memory. Psychol. Aging
28, 853–863. doi: 10.1037/a0031440
Jumentier, S., Barsics, C., and Van der Linden, M. (2017). Reduced specificity and
enhanced subjective experience of future thinking in ageing: the influence of
avoidance and emotion-regulation strategies. Memory doi: 10.1080/09658211.
2017.1322108 [Epub ahead of print].
Kennedy, Q., Mather, M., and Carstensen, L. L. (2004). The role of motivation in
the age-related positivity effect in autobiographical memory. Psychol. Sci. 15,
208–214. doi: 10.1111/j.0956-7976.2004.01503011.x
Kensinger, E. A., and Schacter, D. L. (2008). Neural processes supporting young
and older adults’ emotional memories. J. Cogn. Neurosci. 20, 1161–1173.
doi: 10.1162/jocn.2008.20080
Klein, S. B., and Loftus, J. (1988). The nature of self-referent encoding: the
contributions of elaborative and organizational processes. J. Pers. Soc. Psychol.
55, 5–11. doi: 10.1037/0022-3514.55.1.5
Knight, M., Seymour, T. L., Gaunt, J. T., Baker, C., Nesmith, K., and
Mather, M. (2007). Aging and goal-directed emotional attention: distraction
reverses emotional biases. Emotion 7, 705–714. doi: 10.1037/1528-3542.7.
4.705
Kwan, D., Carson, N., Addis, D. R., and Rosenbaum, R. S. (2010). Deficits in past
remembering extend to future imagining in a case of developmental amnesia.
Neuropsychologia 48, 3179–3186. doi: 10.1016/j.neuropsychologia.2010.
06.011
Labouvie-Vief, G., Grühn, D., and Studer, J. (2010). “Dynamic integration of
emotion and cognition: equilibrium regulation in development and aging”, in
The Handbook of Life-span Development, Vol. 2, eds R. M. Lerner, M. E. Lamb,
and A. M. Freund (Hoboken, NJ: Wiley), 79–115.
Lalanne, J., Rozenberg, J., Grolleau, P., and Piolino, P. (2013). The self-
reference effect on episodic memory recollection in young and older adults
and Alzheimer’s disease. Curr. Alzheimer Res. 10, 1107–1117. doi: 10.2174/
15672050113106660175
Leshikar, E. D., Dulas, M. R., and Duarte, A. (2015). Self-referencing
enhances recollection in both young and older adults. Aging
Neuropsychol. Cogn. 22, 388–412. doi: 10.1080/13825585.2014.
957150
Mammarella, N., Di Domenico, A., Palumbo, R., and Fairfield, B. (2016). When
green is positive and red is negative: aging and the influence of color
on emotional memories. Psychol. Aging 31, 914–926. doi: 10.1037/pag000
0122
Mammarella, N., Di Domenico, A., Palumbo, R., and Fairfield, B. (2017).
Self-generation and positivity effects following transcranial random
noise stimulation in medial prefrontal cortex: a reality monitoring
task in older adults. Cortex 91, 186–196. doi: 10.1016/j.cortex.2016.
11.005
Mather, M., and Carstensen, L. L. (2003). Aging and attentional biases for
emotional faces. Psychol. Sci. 14, 409–415. doi: 10.1111/1467-9280.01455
Mather, M., and Carstensen, L. L. (2005). Aging and motivated cognition: the
positivity effect in attention and memory. Trends Cogn. Sci. 9, 496–502.
doi: 10.1016/j.tics.2005.08.005
Mather, M., and Knight, M. (2005). Goal-directed memory: the role of cognitive
control in older adults’ emotional memory. Psychol. Aging 20, 554–570.
doi: 10.1037/0882-7974.20.4.554
May, C. P., Rahhal, T., Berry, E. M., and Leighton, E. A. (2005). Aging, source
memory, and emotion. Psychol. Aging 20, 571–578. doi: 10.1037/0882-7974.20.
4.571
Migueles, M., and García-Bajos, E. (2012). The power of script knowledge and
selective retrieval in the recall of daily activities. J. Gen. Psychol. 139, 100–113.
doi: 10.1080/00221309.2012.663817
Migueles, M., and García-Bajos, E. (2015). Differential retrieval of past and future
autobiographical experiences. Can. J. Exp. Psychol. 69, 274–282. doi: 10.1037/
cep0000050
Mikels, J. A., Larkin, G. R., Reuter-Lorenz, P. A., and Carstensen, L. L. (2005).
Divergent trajectories in the aging mind: changes in working memory for
affective versus visual information with age. Psychol. Aging 20, 542–553.
doi: 10.1037/0882-7974.20.4.542
Neroni, M. A., Gamboz, N., de Vito, S., and Brandimonte, M. A. (2016). Effects
of self-generated versus experimenter-provided cues on the representation of
future events. Q. J. Exp. Psychol. 69, 1799–1811. doi: 10.1080/17470218.2015.
1100205
Newby-Clark, I. R., and Ross, M. (2003). Conceiving the past and future. Pers. Soc.
Psychol. Bull. 29, 807–818. doi: 10.1177/0146167203029007001
Ossher, L., Flegal, K. E., and Lustig, C. (2013). Everyday memory errors in older
adults. Aging Neuropsychol. Cogn. 20, 220–242. doi: 10.1080/13825585.2012.
690365
Park, D. C., Lautenschlager, G., Hedden, T., Davidson, N. S., Smith, A. D.,
and Smith, P. K. (2002). Models of visuospatial and verbal memory across
the adult life span. Psychol. Aging 17, 299–320. doi: 10.1037/0882-7974.17.
2.299
Pinquart, M. (2001). Correlates of subjective health in older adults: a meta-analysis.
Psychol. Aging 16, 414–426. doi: 10.1037//0882-7974.16.3.414.
Reed, A. E., and Carstensen, L. L. (2012). The theory behind the age-related
positivity effect. Front. Psychol. 3:339. doi: 10.3389/fpsyg.2012.00339
Reed, A. E., Chan, L., and Mikels, J. A. (2014). Meta-analysis of the
age-related positivity effect: age differences in preferences for positive
over negative information. Psychol. Aging 29, 1–15. doi: 10.1037/a003
5194
Rubin, D. C., and Berntsen, D. (2003). Life scripts help to maintain
autobiographical memories of highly positive, but not highly negative, events.
Mem. Cogn. 31, 1–14. doi: 10.3758/BF03196077
Rubin, D. C., and Berntsen, D. (2006). People over forty feel 20% younger than
their age: subjective age across the lifespan. Psychon. Bull. Rev. 13, 776–780.
doi: 10.3758/BF03193996
Salthouse, T. A. (1991). Mediation of adult age differences in cognition by
reductions in working memory and speed of processing. Psychol. Sci. 2,
179–183. doi: 10.1111/j.1467-9280.1991.tb00127.x
Schacter, D. L. (1999). The seven sins of memory: insights from psychology and
cognitive neuroscience. Am. Psychol. 54, 182–203. doi: 10.1037/0003-066X.54.
3.182
Schacter, D. L., Addis, D. R., and Buckner, R. L. (2007). Remembering the past
to imagine the future: the prospective brain. Nat. Rev. Neurosci. 8, 657–661.
doi: 10.1038/nrn2213
Schlagman, S., Kliegel, M., Schulz, J., and Kvavilashvili, L. (2009). Differential
effects of age on involuntary and voluntary autobiographical memory. Psychol.
Aging 24, 397–411. doi: 10.1037/a0015785
Schryer, E., and Ross, M. (2014). Does the age-related positivity effect
in autobiographical recall reflect differences in appraisal or memory?
J. Gerontol. B Psychol. Sci. Soc. Sci. 69, 548–556. doi: 10.1093/geronb/
gbt047
Shamaskin, A. M., Mikels, J. A., and Reed, A. E. (2010). Getting the message across:
age differences in the positive and negative framing of health care messages.
Psychol. Aging 25, 746–751. doi: 10.1037/a0018431
Spaniol, J., Voss, A., and Grady, C. L. (2008). Aging and emotional memory:
cognitive mechanisms underlying the positivity effect. Psychol. Aging 23,
859–872. doi: 10.1037/a0014218
Symons, C. S., and Johnson, B. T. (1997). The self-reference effect in memory:
a meta-analysis. Psychol. Bull. 121, 371–394. doi: 10.1037/0033-2909.121.
3.371
Szpunar, K. K. (2010). Episodic future thought: an emerging concept.
Perspect. Psychol. Sci. 5, 142–162. doi: 10.1177/17456916103
62350
Szpunar, K. K., Addis, D. R., and Schacter, D. L. (2012). Memory for emotional
simulations. Remembering a rosy future. Psychol. Sci. 23, 24–29. doi: 10.1177/
0956797611422237
Thurstone, L. L. (1938/1996). Primary Mental Abilities. Chicago, IL: University of
Chicago Press.
Frontiers in Psychology | www.frontiersin.org 11 September 2017 | Volume 8 | Article 1700
fpsyg-08-01700 September 25, 2017 Time: 13:40 # 12
García-Bajos et al. Positivity in Recalling the Future
Tulving, E. (1985). Memory and consciousness. Can. Psychol. 26, 1–12.
doi: 10.1037/h0080017
Walker, W. R., Vogl, R. J., and Thompson, C. P. (1997). Autobiographical memory:
unpleasantness fades faster than pleasantness over time. Appl. Cogn. Psychol. 11,
399–413
Wechsler, D. (1997/1999). Wechsler Adult Intelligence Scale (WAIS-III), 3rd Edn.
San Antonio, TX: Harcourt Assessment.
Wurm, L. H. (2011). Decreasing complexity of affective space in older adults lower
on cognitive control: affective effects in a nonaffective task and with nonaffective
stimuli. Psychol. Aging 26, 716–730. doi: 10.1037/a0022513
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2017 García-Bajos, Migueles and Aizpurua. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 12 September 2017 | Volume 8 | Article 1700
